ABSTRACT: The major objective is development of non-phthalate plasticizer-poly(vinyl chloride) (PVC) compound using crude glycol derived from biodiesel process. We developed glycerol diacetomonolaurate (GDAL) plasticizer using glycerol from biodiesel process. The synthesis of GDAL plasticizer was measured with nuclear magnetic resonance spectroscopy (NMR). Mechanical property of plasticizer-PVC compound was measured by universal testing machine (UTM) and the experimental values are compared with phthalate plasticizer-PVC compound. In particular, the values for tensile strength and elongations with GDAL were higher than with diisononyl phthalate (DINP). It was found that the eco-friendly property of the GDAL property was higher than that of the commercial phthalate plasticizer such as DINP.
INTRODUCTION
Poly (vinyl chloride) (PVC) is used extensively as a kind of plastic material because of its outstanding advantages; the performance can be changed according to the amount of different kinds of fillers and additives, and it has a low cost and a broad range of properties (Bhakti et al., 2014) . Poly(vinyl chloride) (PVC) materials are widely used in pipes, packaging, blood bags, children toys, wire properties (Silva & Vieira, 2011) and cable due to their excellent mechanical and physical properties (Saeki & Emura, 2002) . However, neat PVC can almost not be processed and utilized without plasticizers (Puyou, 2015) . PVC is one of the clearest and toughest plastics, but it is also difficult to process due to its high melt viscosity caused by the rigid chain structure, which resulted in a relatively high processing temperature and high screw torque (Jiang & Zhou, 2008) . Common resolution of the problem is to add inert plasticizers, which tend to impair the mechanical and thermal properties of the final product. In recent years, glycerol has been used widely because of its low cost and because it is a surplus source as a byproduct from the production of biodiesels (Pagliaro et al., 2007) . Biodiesel is a fast growing alternative fuel that can be applied to a conventional diesel engine (Ismail et al., 2010) .
In this study, we first synthesized non-phthalate glycerol diacetomonolaurate (GDAL) plasticizer using glycerol and conformed nuclear magnetic resonance spectroscopy (NMR). Compared with the properties of PVC compound plasticized by diisononyl phthalate (DINP), the results show that GDAL has a large potential for applications as plasticizers for PVC.
EXPERIMENTAL

Materials
The following materials were purchased from the indicated suppliers and were used as received:
PVC (average molecular weight: 22,000), toluene, isopropyl acetate, acetic acid and glycerol were purchased from Sigma-Aldrich Corporation. Diisononyl phthalate was obtained from Samchun pure chemical Co. Ltd., Korea. Lauric acid was supplied from Junsei Inc., Japan.
Synthesis of non-phthalate plasticizer using glycerol
In the first step, we synthesized glycerol monolaurate (GML) using glycerol. The molar ratio of glycerol to triglyceride was 1:1 during the whole reaction. In the second step, the molar ratios of GML to acetic acid were 1:3. Toluene, isopropyl acetate, and some acetic acid were distilled off from the resulting mixture through heating in vacuum. Then, the mixture was washed to a neutral pH by saturated sodium bicarbonate and filtered to remove inorganic salts. Then, the product (GDAL) was obtained after drying at 60 o C for 24 hr.
Preparation of non-phthalate plasticizer/PVC compound
The blends were processed into sheets on a twin-roll mill with the rolls set at a temperature of 140°C, roll speed of 10 m/min, and a friction ratio of 1.25. The sheets were compression molded to make plaques, which were required for some of the tests. The operating temperature was 175°C for 3 min. In Figure 2 , the methine protons of glycerol was at d ¼ 5.1 ppm (peak f). The peak d¼ 2.1 ppm (peak h) was assigned to glycerin region. The range of d ¼ 1.4 ppm (peak b) was assigned to the other -CH 2 -with laurate region. From the above analysis, it is indicated that GDAL has been synthesized successfully. 
Mechanical properties
Tensile properties
The comparison graph of (a) tensile strength and (b) elongations are shown in Figure 3 . The tensile strength values of DINP-PVC sheet and GDAL-PVC sheet were 1.82 kg/mm 2 and 1.9 kg/mm 2 . In Figure 4 , (a) tensile residual stress after aging and (b) elongations residual stress after aging of DINP-PVC sheet and GDAL-PVC sheet were 321 % and 340 %. 
CONCLUSION
The overall aim of the research was to design and develop new environmentally friendly nonphthalate plasticizer-PVC compound using glycerol derived. We conformed synthesis of GDAL plasticizer with NMR. In this work, the value of GDAL plasticizer is higher than DINP phthalate plasticizer in tensile strength and elongations properties. This indicated that GDAL-PVC compound shows that can be applied to packaging, blood bags, children toys, wire and cable. Based on our results, it was found that applicability of PVC materials and compounds as well as industrial plastic.
